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abstfXct, 

Phase 1, of**a jstroject in curriculua design and course 
developaent identified /an^^is now developing a two-year solar* 
engineering curriculum in response to the iswediate need for trained 
iolar wanpojfer as indicated by reseatch^ The student- centered 
carriculuB'^nvolves courses flowing from device to theory., 
interwixing >pf support and technical courses in sequencing, and 
hands-on la"boratory experience. Navarro College and three other 
cooperating , two-year colleges have developed the curriculua for sdlar^ 
engineering technicians a^ well as course descriptions and ar© 
developing the 'proposed solar courfees. Support courses wer« selected 
to provide prereguisite skills or k'nowledg^,' to satisfy, reguireme^nts ^ 
for as»ociate degree programs, and to assure balance between 
technical, laboratory courses and iacadewic preparation. The course 
outline, provides for an Integrated laboratory lecture • for»at with 
general goal statenents, titled modules, specific perform ance 
ob'jectives, and laboratory activities^ The prbgram is' designed^- for 
high school graduates' who will attend college full-.ti«e and those 
curre^t^ eaployied desiring sl5;ill upgrading* • Instructors will* be 
tegular College faculty and technical and vocational instructors 
hired specifically to teach the technical solar courses. A national 
^dvlsory , coittitAee provides guidance a^d evaluation- The remainder of 
pta«e 1 will include co«pletion, editing, printing^ use, and revision 
of course guides and the complete curriculum" package* (YLB) 
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In SeVtetnbor 6f 1977 C^ie National Science Foundation approv^^Phaae I >f a 
muUf-pha^c project entitled "A Proposal to Dealgn, DevoJ^p, ImploineX^est , 
l>«)uate and Disseminate an Associate Degree Curriculun, to Train Solar Engineer™ 
in^ Tccbnlclan.". l^avarro College was designated as the Project Center wltl. 
three other two-year colleges throughout the United States named as cooperattog 
Institutions. Through the n-ulfl^phase concept the following phases were pro^ ^ 
po«ed: .(1) Phase I - Curriculvun Design and Cc^yrse Development, (2) Phase II - 
Pilot Test of First Year Currlculuai^ and (3) Phase III - Pilot Test of ^ecpnd . 
Year Curriculum. , 

•Phase I is now In progress and Phase II Is scheduled to begin January 1, 
1979. Phase I is proceeding in"^ satisfactory, manner and, to date, the two-' 
yoar solar engineering curriculum has been identified and is being developed," ' 
laboratoty specifications ha^;e been detj.n«ined , "teacher qualifications have 
bQ.en established, stud.eut populations have been identified', course ^.fere'^e 
materials arc being completed , .audio visua/materials are being identified, 
.laboratory experimenCs are being developed and th. complete curriculum package , 
is being assembled foV flnai development and revision for pilot testing.- ' ' 
. Jhe acc^Hshmonts attained duri^^8 Phase \ have been brought about througi. ^ 
the cooporative efforts of the rational Science Foundation, Navarro College 
(tho-grh,r>teo institution located In Coraicana, Texas), the cooperating Instl^ 

® MVAHBO OCU.EDE 
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tutlona of Brovard Conwunity^legis (Cocpa, Florida), Cerro Coso Conununity 
Collteo (Ridgecrest,: California), DalUs County Commnity ColleRG District, • 
Northlake Campus (Dal laa , - To'xas) , a national advisory conunlttee and special ■ 
conisuliants* ^ 

PhaBc XI o^^ the Project, scheduled to begin January 1, 1979, will have 
tho rollowlng five pbjectives. ■ . , 

1> To perform pilot" testing of the first year df the two-year Solar* 
Engineering Technician Curriculum. ' 

i 

t ' ^ ^ 

2. To secure local and state approval of tho curriculum. 

3. To perform a formative evalu-^tlon of the first year curriculum. 
To revise the course guides where indicated by the evaluation. 

5. To prepare the first year curriculum, in revised form, 'for dilsemi- 
nation. ' . 

Rgs<^^rrh" and Ju s t i f 1 ca t Ion 

.Through «.earch it haa bee. predicted that the solar Industry tn the United 
States Joday stands on the brlnlc oi: very rap« development and cc^erclalfaatlcn 
of solar ho« hcatlpg and cooling syat^s^iha expansion of this Industry depends 
upon the availability of trained technical .personnel who can design, Install and 
malnt^n s.olar syst.e«. Research In the field also" indicates that this trained 
«npo„or does not exist today and t.„pllos that it could serve as the needed cata- 
lyst for a «re rapid development In solar energy research and application *^ a 
noti^nij,! energy source* ^ • 

, m January of ',978 N-avarro College, completed a project tor tho Department of 
Hnergy (D.O.E.) entitled "Assessment -of Need, for Developing and Implementing 
Tochnlcal and S.ll led Worker Training for the Sol-ar Energy Indust^^". Accord- 
ing lo- tho Department of Enerfey ,tudy, there «ill be a substantial d„and for . 
t^Mned .UUM voker. In. the Dnltod States ;hich „1U develop, »ncurrently 



with tho demand for solar oqulpmenti. The Imm^dlato neod for trained solar man- 
power has been Indicated by reviewing the solar installation projections made by 
thrdg^ prominent studios: - ' . 

|1* fh^ University of New Mexico Study 
\ : ^-^i^lo: THE ECONOMICS OF SOUR HOME HEATING, by Willl&m , 
\ SchuljjQ, Shbaul Ben-David. 

Date: 'July 1976, 
* 2. The MITRE Corporation (MITRE) Study! 



/ 

V 



. Title; AN ECONOMIC ANALYSIS' OF SOLAR WATER AND SPACE HEATING 

'■^ ' . 
'pATE: 'July 1977. 

' 3.- The Solar Energy Industries Association (SEIA) ^tudy; 

Title: SOLAR MARKET CAPTURE AND MARKET PENETRATION, by 

Sheldon Butt. ' . 

Date: October 1976.'' 

/ 

The SEIA study Is the Indus tries , o\vm estimate of its market potential. 
As suth, it represents the Jl^^of those who most directly gain or lose 
depending on the accuracy of their perception. 

The ^MITRE study is the product of the most .intense effort by DOE to datte 
to arrive at feasibility and malket penetration estimated. MITRE estimates 
are being used extensively ^y DOE in many otl;ier analyses. 

The University of New Mexico study (UNM Study) forecasts the economic 
feasibility of .*.olar energy state-by-slate, by year, and-by application. 

The solar manpower forecast ma'de In the DOE study, as a direct function 
of equipment market projections, indicate^ the following pattern of d^volpp- ' 



montJ 



\, There will be at least Ij^ million solar units . installed in the 
U.S* by 1985. • ^ ■ 



4 . . 



2. Thfir® must b& a mlniwium of 25,000 skilled workers in the solar 

♦ 

field by 1985, 

3. Four-fifths, or 20.000, of' the solar workers' must be trained at 
tl>e installer/mechanics level, - • 

4. One-fifth, or 5,000, of the nolar workers must be 'trained at the 
solar ti|(chnlcian level. ■ 

5» Training for both the solar technician and tl\e solar installer/ 
mechanic can be accomplished -at the commifnity college, level , the 
solar technician progranj being an, associate degree two year 
curriculum, and the solar installfer/mechanic prpgram being a 
certificate of completion program. " - • ' 

As a part of the DOE study, the skills required of solar workers were 
identified. Also, it was ' fecund* that solair workers . can be categorized into two 
distinct categories, solar technicians and solar installer /mechanics . The solar 
engineering technician is a person wIk. must possess knowledge and skills specific 
to solar system design, inefallation, ait'd diagnostic trouble-shooting. The solar 
InstalUr/mechnnlc, on the other hand; is defined as a tradesperson who has 
knowledge of solar systems and is expected to perform efttry levei^ task^^f in- 
stallation and routine maintenance. • 

A program to train solar installer/mechanfcs who have no trade experience 
or training would include conventional heating , ventilating , and air' condition- 
ing and plumbing training, as WQir.as solar skill knowledge. A program, to 
tr^^-installor/mechanics can^be conducted through a one year certificate pro- 



gram. 



Since the solar engineering technician is a person responsible for the 
dcsl^jn of. a solar energy sy^em, tor overall system check-out and trouUlu- 
..hooting ln ca-se of the need for repair, this person is e^pecte'd to have 



adequtxce knowleUge and skills to perform solar rolated tasks of relative 
sophistication. The education necessary for a solar technician exceeds that 
of a typical tradeaper^on and la beyond the requirements of q solar installer/ 
mcchnnic, 

i 

As Q final result of the DOE study, three recoi^l|^ndatlona were made: 
1. That the development of solar technician training programs begin 
Immediately. 

^ 2. That the basic technician training program contain th^ flexibility " 
to accomodate local/regional variations and fyture developments 
in the solarf Industry. 
3. That the solar mechanic trai^iing programs now being, undertaken by 
^ solar manufacturers, distributors, and some trade unions be con- 
tinned. This training should also be conducted through short ' 
courses, continuing education. programs , aad^certlf Icate programs. 

Based on these recommendations, Navarro' College has been designing and 
developing a two year curriculum to. train solar engitfoering technicians as 
the, first phase cff a three phase project for the National Science Foundation. • 



PROGRESS RKPOUT OF PHASE I 

■ I* . 

This Progroas Repoi^t dcscribtJs the activities telng conducted to reach 
the bosit objectlvas of Phase I, The basic otjectlve for Phase I of the NSF 
•Curriculum Devclopracnt Project Is to .design and develop a t,wo-year associate 
degree curriculum to prepare solar engineering technicians. The specific 
davclopnicnt activities include the following: ^ 

1. Design of the curriculum, 

2. DeiJigji and specifications of courses Including course descriptions 
and outlines, objectives, and appropriate learning activities (read- 
ing, laboratory development, AV specifications, etc) 

3. Identific^itlon of existfeig iuatructional nijfit;dr;Ul8. ' 
^P^L^Iq g Q Phy, o f , Ph a 3 e I « 

v^The philosophy governing the development of the Solar Engineering Technician 
Curriculum must be student centered- The student ^hould first be provided a : 
global view, of the job. roqulremcnts in the career iTleld of solar energy. Begin- 
ning with th^ f.irst. semester, c6ur$)es should flox^ from device to theory .-r-ather 
-thfln theory to device as Ts common in engineering and four year science curricula 

If- 

It is important that, in sequencing, the first semeste?: must not be filled with 
support courses while the technical courses are relogatod to later aemestcrs. 

Miboratory experience?? are also extremely important throughout the technician ' 

' ' '• , ■ ^ ' , 

curriculum. The student must obtiiln hands-on eKporienca with solar devices 

early in the pr5)gram wljlle the curriculum must be sequenced in a manner which 

pewits the atudent^ to advance to^a lev.el where success cin be achieved after 



b'^ing placed in a Job. 



Poflnttion of Solor EnRlnccrlnR Technician 
^ 

To dc«leT> an asspciotq dogroe progi'om to crain solar engineering tccl^nicians; 

J- ■ ' *■ 

the Job category must bo defined. Baaed on fin analysis of the tasks that nmat be 

perfoniied by the Individual, the Projoet has produced a working description of 

JhcN solar engineering technician defined In tei<b\s of the activities wlilch must 

be performed. These are listed below. 

1. Apply knowledge of sciijnce airtd matheraatlc^ extensively and render 
direct technical anslstonce to scientists and engl-neors engaged 
in solar energy research and experimenLation., 

2, Design, plan, supervise, and assist in Installation of both simple 
and complex solai- systems and solar control systems, 

3; Supervise, , or carry out, the operation, maintenance, and repair 
^ of simpl<y and complex solar systems and solar control systems. 

^1. Design, plan, and estimate costs as a fiel.d representative or 
. ealepperson for a manufacturer or distributor of solar equipment. 

5. Prepare oj interpret drawings and sketches and write specifica- . 
ti9ns or procedures for wo'rk related to solar systems, 

6. Work witl^and communicate wltfi^ both the public and other employees 
regarding the entire field of ^olar energy. 

j3[g:igl9P»'Pr>t or the Curjjxulum ' ' * 

» 

f 

, Based on tasks ai-ialysls, research, input from a National Advisory Committee, 
and work^perfonaed by the Campus Coordinators and Project Director, the two^-ycar 
Solar Engineering Curriculum, has been developed as displayed in Figure 1. 

ncupx^: 1-cuimicuLUM - soLA^^ engineering technician 

^^^SILil^^IE^ : ' CREDIT HOURS CONTACT HOURS 

I . . ' > (Lecture-Lab Hours) 

Energy Science I * ♦ /, * 6 (3--^-) 

Introductioiv to Solar Energy- . •^ . 

(Conservation and Passive Design) '2 '2 ^ 

Materials and Material Handling , 3 ' s n_/v 

'Engineering Drawing . ^ 3 . j kx u 

Educntloxrand Career Planning i ' 



3 
1 



SKCQKD SEMESTER 
-Mftth'll 

Kncrpy Science II 
CoHoctors & Energy. Sto-rage 
HVAC 
English 



THIRD SKMKSTER 

Applied Eteclrical Circuits 

lostrunietiCation 
Sizing Design & Retrofit 
Technical Survey of Energy "Sources 
Introduction to Computers & 

Computer Programming 
Introduction to Business 



/ 



FOURT H _gEMESTER 



C 



Operationnl Diagnosis 

Codes, Legal, Economic, Consumerism 

General Psychology and/or 

Human Relations In Industry 
Non-rosidencial Applications & 

Future Technology 
Technical Report Writing 
Solar Procticum 



CREDIT HOURS 



4 

4 

3 



18 



4 
4 

3 

3 
3 



17 



3 
2 



3 
2 

3-^5 



13 + prac 



COmCT HOURS 
(Lecture-Lab Hours) 
3 

6 (3-3) 

6 (2-4) 

' 3 
24. 



6 (2-4) 
6 (3-3) 
3 

3 * 
3 



21 



5 
2 



5 
2 



(2-3) 



(2-3) 



•17 + prAc, 



Solar Cour-sa^Desct^lpH^^ ' >• . 

The solar courses p?esently being developed by the participating- Insti- 
tutions ar^ described as follows:" / ^' 

^ -jVis Is a two semester course which covers 

, the basi^c physic^il principles governing th^ reception, transfer 
storage, and use of 'solar energy. Material in thi^^.cfB.urse 'has 
- ; 'boon drawn f rom. s tkndatd courses in physics, chemistry, astronomy 



R€oera|>hy» and hydro-dynamic a* Topic® covered in tha flript s^roe^tor 
include general energy definitions, a detailed dlt)cussion of the 
principles of temperiiture^ heat and thertnodynaTnicA'^ end the charact- 
eristics in measurement of solar radiation- Topics covered in the 
second semester include hydx^oatatica, hydrodynamics, fcasic electrical 
considerations , electromagnetic/ interactions, electromagnetic waves, 
light and optlce, meteorology, and , geography, ^ 
Introduc tion to Solar EnerRy - The student wiir he introduced to 
^eolar energy. A general history of the use of solar energy >wiH he 
given, and ^olar concepts such as the solar constant, locating the 
sun, and yearly changes in solar pljsltion will be discussed. An 
overview of collector typ^es, physical processes of convertl^ig solar 
radiation to thermal energy, a genaraX solar vocabulatV, traditional 
and non--traditlonal applications-, and current economic feasibility 
are some 'of the topics that vd.ll be covered. The effect of energy 
conservation measures on heating and icooling loads, will be explored. 
The importance of designing energy efficient buildings will be . 
stressed, and the effect of different types of energy " efficient 
construction will be studied. Energy conservation measures will be 
related specifically to the design of solar systems. Relationships 
between house design and the environine^U will be studied, as will 
passive solar design. Upon cortipletion of this course, the 

♦ 

studeiy;. should have an overall view of^he total range of topics ~ 
to be covered in the two year curriculum |and should be able to 
explain the relationships between conservation measures, passive 
eolar design, and the reduced size of active solar syst^s. rfeieded 
as a resuK of conservation measures. ' : 

/ , ■. ■ ■ , ■. ■ • 



3* Collectors xtnd Energy Storage - Methods of collecting solar energy 
for }\fmcL heating and cooling will be surveyed. Collector types . 
Cflat-plate, focusing^ evacuated tube, etc.) will'be examln*'6d 
In '♦detail and then^elative advantagea and disadvantages of each 
type will be discussed. 'Hands-on cxpo^i^lence with collector para-- 
•metere win be obtained. Different collector types will be exaTnined 

slde-by-side^ and collectlbn efficiency compeared. The feffects of 

.^ • ■ . • . 

varyjlng collector* parameters (flow rate '^orientation, glaring, 

selective services, etc. )*will*be studied using^ sajnpl^^C9llector8. 

Both liquid and air collectors will be examined and compared and 

the relative advant^agcs anq( dif;advantagee will b^ explained . 

Chemical, cQmpatablliLy of different collector nmteAal's %ind collector 

fluids will^'be c^at»iT>,^d. The effeQ^ of Insulatloa an^ different 

! ■' ^ 

InsulatioTii types will be studied. *t • ' . • i 

% ■■ 

Methods of storing solar energy, including lateik and scn'slb^.e 
heat etf/3rage will be examined- The relative merits of differen-t 
sensible heat storage media (rocks, water, etc.) will btkmeasureS 
and compared in the laboratory. The physical construction of Storage 
systems will be studied and different iypce. of systems wiH be con- 
structed. The effects of insulation, storage shape, flow, etc. on 
s^fcorage efficiency will be measured. Measurements will be made on a 
latent heat system, and ft wi^l, be compared with th6 sensible heat 
^ storage fbr efficiency, storage det\sity , . cost, etc. 'Exotic storage- 

"^yst^s for possible use in electrical generation will be mentioned. 

■ ii 

At the conclusion of this course, thevstudelit should be able to 
select and install the mo^t suitable collector for each partlcu;Lgr 
heating or cooling problbm. the student should be able to explain " 
thi& construction of collectors, thf purpose for each item in a ' 
collector and, If ne<;<ae s a ry, should be abX4 to build, from component 



partev » functional- eoler collcctot. The student should be able to 
€xpl«in different types of energy 8torage». select .tha ^):pe th'at 
most sultjjblo for a specific appllcotjlon, find ccjnstruct an actual 
storage system. • " 7 

Siting Dq^Xrh and Retrofit -'^ A solar installation will ba examined 
OS a complete aystem* The. interrelation' of the parte of a syat^ra 
(collectors > pumpa, heat Exchangers, •'Sto^-ag^ pipes, ducts ^ dpnferolg 
etc.) vill be explained* Control systeuiSv and various control 
strategies for heating^ cooling, and domes tic h>t water will be 
studied. The Integration of solar apparatus with conventional , 
auxiliary syst'etns (furnace, heat pumpa,. etcO will be explored. / 
The integration .of systeios hard\v^^re, int. o the hous^^ng structure, 
will be discussed. The sizing of , system com.pone|t^«^ to ni'eet a 
given percentage of heatlxxg or eOoling load in a givpn location 
will be explained and calculations will be made. The components 
of a solar system, which have been studied Individually, will h^e 

t ■ . ^ 

combined into a complete system. The system parameters will be 
adjusted for maximum efficiency, and the effect of varying para- 
meters on the system efficiency will be measured. The effect 
of different control strategies on overall performance will be 
measured . ^ 

Design problems specific to retrofit installations wil] be 
examined, Particular attention will be paid to determining 
fhe suitability' or non-st^ltability of structures for retrofit 
sy^'tems, and the Importance of proper Insulation \nd genei;^! 
.upgrading of structures Jfor retrofit* Upon completing this . 
'course the student should be abl*e t6 design^ ^ind sii^e a solar 
system that will function properly in. any area ot the country. 




op org t^jL ojia 1 D 1 a gnas 1 ^ *^.Th0 use of itistrumQW^atlon and tnaaaut^menta 
to correctly set up a aolar jgystem' will he cxptlored, CoraiaQn problems 
likely to be*^^ encountered In a fnalfunc^ionlng solar ;Byateni vin be 
diacusaed^^aftd iymptoma of these prohlema will be explained* ' Xrouhle- 
l^hooting CechnXquea will be atudied^ end a ayfetetnatlc troublesWotlng 

• ' ' . H . . - , % / ■ V_ 

schome will be developed* The efftity of component fallurOQ on the- 

operation <\£ the system will be mea^r^d. V \ 

The effects of control* strategy failures wilJXbe measured* 

r — \ 

Intentionally introduced defects and problems ill thAsol^r system- 

**** . ' \ 

will be identified, tracked dowiji-^ and repaired, Upon\;Oinpletion of 
this course, the student should he able to set;, ^up a solar system 
for the most efficient operation. He or she should be prepared to 
maintain the system and to locate system defects and repair them. 
Materials and Material H andllpg - This course will deal wi'th the 
properties and handling of materials which are 'utll-ized In con- ^ 
structlon pf a solar system- It will include the basics of plumb- 
ing, sheet metal workings, carpentryp roofing, glazing, concrete 
pouring, soldering, welding-; ^; and other related techniques. Com- 
pata'blllty of different construction materials will b.p explorj?,d 
an4 problems encountered in -utilizing ' materials will be discussed- 
Upon coTrtplatiqn of this course, the student should be able to 
demonstrate t:>le c*apabillty of hajadling and working with the "majier- 
laTs utilized in a, scalar installation. „ ' 

Non-rcsldentlal Applications a nd Future TechnoloRY - The application 
of sojar technology for ^ses other than honje heating and Pooling 
will be. explored. Included -will 'be items such aS industrial process 
heat, agrlcultur-al crop drying, and the -converglpn of . solar enetgy 
Into electricity, *bQth by fhq central pawer statiotH6r>?l;cept a^^ ^y 
pbotovbltalc cells. Although mny of th^se technique's are not now 



iinding ^Idesp^^^ad applications, by the timo th© curricvrfLum Is com- 
plected sohio of thpso technique© may in us^» This course will hu 
an opon-endad format and material will bo added as new technologies 
develop, come Into us<^, or are discarded. 

Techni c ^ Surve y of Energy Sources - Energy supplies and demand will ? 
be explored on world wide basis* The supply capabilitlos of tradlt- 
ional .energy resources and the supply capabilities of future energj^ 
resources will be studied in detail* Energy conservation and' environ- 

: ' ^ ^ 

mental problems will be related to the capability of meeting future 
energy demands* The position of aolar energy in the future mix of 
ener^ supply resources \rill b& established. Upon completion of this 

course the studeuxC^should be able to explain the relationships between 

V ■ ■ ■ 

energy ^jsupply and demand and^^hould be aware ^^^^^^^ relative role solar 
energy can play in tlJen^iture. 

>^ 

.Ec.9.?P ^^^^i Codes, LcRal, Consumcrisp) The economics of solar systems 
will be- explored, particularly as they , are affected by governmental 
action. Methods of calculating economic costs and benefits will be 
studied OS they relate bo both active and. passive solar s:^stenis," 
Customer relations, gua.rantees, and coi-iumer protection \dLll be eaqilored 
and the importance of maintaining credibility with cu^^tToiiiers will be 
emphasized. Solar system- financing will l^o examined. This Course 
will have an open-ended format since the Icgls-lative action which 
affects, solar economics is constantly changing. Upon completion of 
this course, the student should be aware of the types of governmentaJ 
documents and «l(^tion that will affect the future of the solar industry 
and the importance that consumer relations will play in the future. 
§JQ2^!L.Ix^S1J£}-}A''- This coujtsq will be ii culnilnation Ql: I the student's 
vor^:;>^na will lnVolv«i an on-tl)e-job field testing of the student's 
capabllltlQs;. It will bo carried put in cooperation with the solar 



, feidustry; The student will given on-th«-job experience, including 
the design and involvement in the insta^latloji of a "real, world" 
eolar .project. Based on fhe results of this projefct, including an 
evaluation from industrial representatives the student's overall ^.evel 
of achievement will be established. A succ<ls8ful performance by 

- 4 

the student during the practicum project will hopefully! laad ■ to . 
employment opportunities. , ' . . ' , 

♦ - . 

Support Course -De scriptions . ' ' - ( ) 

The support courses in.lhe cnrriculura have been selected as jihose courses 
necessary to provide- prerequisite skills or knowledge to the student before 
^attempting solar courses, those courses necessary to satisfy approved require- 
ments fo. associatV degree programs, and those courses needed to assure balance ' 
between technical, laboratcfry courses and academic preparation. The detailed 
listing of support courses follows: 

^' JllEiLl a»d Math Many community colleges offer courses entitled 

- "5-echnical Mathematics". These are courses designed to teach appli- 
cations and are not as theoretically oriented ,as the regular algebra 
- and trigonometry courses. . , • . 

Technical Mathematics I, The slide rule and calculator, funda- 
' mental ^operations of algebra, linear and quadratic equations, systems 
of equations, functions and their graphs including the trigonometric 

" . • * ' • I- 

function solutions of right triangles are studied (3-0). Credit: 3. 

' Techhical Mathematics II. A study is made of basic vectors, 

• exponents and radicals, complex- numbers ,^^ariUnns. solutions of 

oblique, triangles and trigonometric 'identities. Prereqjjisite: 
Matho-nmtics 1. X/3-0), Credit: 3. ' v ' . 



Enftl 1 i^h ^ The ^English course should be ct basic compoaltions coura© 
di&ai'gned r<^? students who have h«d three years of high school English, 
It »hould .f&mphaaizQ graromat and the nature and struGture of the language 

, English Composition I, A atud/" of the prlncipleg of granunar and 
composition with ^emphasis on language, the mechanics, of writing, 

fatxd the types of discourse. (3-0), Credit: 3', 

.. . ^ 



I Educa t ion*^ and Career Plonnlng - This a cc^lege" adjustwont course and 
' is usually required, In soma fomi or other, of all students entering 
tho^ college, = ' . 

Educational and Career planning. Required of all students. entering 
«ts a freshman. Information dlscueelon groups are devoted to acquaint- 

" Ing jthe students- with college and it^ offerings and, to give individual 
Btudbnts an opportunity to appraise their Interest and abilities.- 
(1-0), Credit: ^1. " . . ' - 

HVAC - The desired course should give the student a good background in - 
sta\idard heating and air condi'tionlng syeteme. - 

Central Heating and Air Conditioning. Installation of doinest4.c 
central heating (gas and electric) and liir conditioning systems;' - 

. study of theory of operatioi| of Ipw voltage control circuits, 
operating circuits-, and . mechanical sys*ems.. Preventive maintenance - " 
and maintenance procedures'. i^-^) . Credit: 4. 

Applied E lectrical Circuits & Instrumentatio^ - In some catalogues a 
suitable course is listed under the electronics technician curriculum*. 
In others,' it is listed under the air conditioning curriculum. : 

Basic EleotVical Circuits: A course dealing with bafilc elect- * . 
ricity and Its application. , Various ,eloctric«l devices, their importance 
in elp^tricai circuitt?, Inclyding those used in rosldentlal wiring are 
Introdu-ced, Methods of wire co/nections for now and- repair service, 
waking and testing eHectrlqaX circuits and the- use of electrlc-^D, 



meanuring and testing equlpmentr are ,8tudled. (2-/0, Credlt:t 4. 
Tgchnlc Al Report Wrlblng - Thie^is ^ standard eours® in iriost cDmraunity 
colleges; If enrpllment is^targe enough^ h special eectijDn shouipbe 
of f erttd ^or Solar Wglnsarlng Technicians. * *. " 

Technical Repdrt Writing. Instruction In the wrltlVig of 
technical reports and hnslncss letters. Attention glvap to th^ 
preparation and delivery of epeechos pertaining to technical or business 
Interest. (3-0). Credit: 3. 

j£2!^P"^.^r llSSi^S^^ ~ l^l^o course should include an Introduction to 
large computers; an introduction to minicomputers and itilcro-pro- 
•ccasors. and the use of progranwable calculators. B&^lc programming 
and "flow charting should be Included and, at least one programming 
language, probably BASIC should be taught. 
■> - CWuter and Calculator Techniques. A course dealing with 
calculators and cofliputers. 4-functlon and prograimnable calculators 
serves to introduce computer principles. ' Large computers are studied 
In both batch and interactive modes utilizing BASIC language. (3-0). 
Credit: 3. 

IntrodGctl^nJ^oJKislT^ " This Is a .standard course at most . community 
colleges. ■ . , " 

, Introduction to Business. A survfey of modern business activities, 
including a brief study of basic. lndus^trie;s, forms of ,or8anl^atlon, bank- 
ing, credit, problem? of management, business risks, and the relation of 
Vuiiness to society. (3-0) ^^redlt: 3. ' . 

Enelneering Prying ^> This {s a/course, offered by most community coUegcfc 

Drafting Fundamentals. Study of basl^ skills fjnd technlques of.; 

♦ 

drafting.^ Including lettering^ instruments and their vrse; applied 
g<K>ine:try; orthographic freehand and InstrumeJit drawing;^ auxiliary views; 



ftoctlons and conventions; dlmensioni and notes. (2-4), Cradltt 3. 
10* ZSLT^isSiS^ * Thi^ is a standard cour8<> off ored by laost community coXlagQS* 

G^naral Psychology** This coutae Ib a survey of th€i tX^l^ of 
♦ 

psychology. Chief topics- studied ar(S the scientific methods ue^^ in 
psychology; th6 influence of heredity and onvlronment; the control of 
the *cni0t ions; intelligent behavior; and the conditions; governing learning, 
eocial behavior and the dovelopiDcnt of personality. . Credit: - 3. 

11* HviiQ an Relations in Int Juatry This course is found under a number of 

different descriptions in either theN:^isiness or management ddpartments. 
The course credits vary from two to three hours. 

Business Psychology* Funda-mentaXs human behaviorj leadership 
development^* organization relationships) social considerations, and 
comnmnicatlon processes that affect mO-tivation and human behavior in 
the business world. Case prolDle^s are utiliEed* (3--Q) • Ci^edit: 3* 

Dovelopment of Solar Courses^ 

Each of the participating instltotions has the responsibility for developing 
specific (?.oursea according to a standard format designed f,or this project. ^The 
course assignments are displayed In Figure 2^ along with a progress report 
etatement for each coifrsc. During, Octobar of 1978 all solar courses^liould 

■ ' • 

be ready for the final revision process. ' ^ 



./ Figure, 2 ^ * 

■ SOLAR COURSE RKSPONSIBILITIES ■ 

College and coursers)' lProgres8 to Datp 

. ^ • (July 6, 1978) " 

Navarro Collog'o, ' . ^ 

' pporatlonal Diagnosis ' ' Complete and in revision stage ^ 

"Technlcixl Survey of Energy Sonrces ' Complete and' in revieloJ^;fege • , 



College and courses (s^ 



Non-residentlnl application & 



Future Technology 

/■ , • 

:Icum 



Pro gress to I^ate 
(July 6, 1978) 

In development st^iga 

75% complet/e 



Solar Pract! 



In pre-'doveiopment sta^e 



Dnllas CoXinty Community ^Collefte District 



Energy Science I 



Energy Science' II 



Introduction to Solar Energy 



Conservation f% Passive System 

Cc rro Co^ o toimnunlty College 
Slxin^ Design and Retrofit 

Materials & Material Handling 
Economics, Codos , Legal > Consumerism 



Brevard Co mmun 1 ,t y Go 11 e go 
Collectors & Energy Storage 



Course Format 



In final development stage 

90% complete 

In development stage 

75%^ complete 

In development stage 

25% complete 



In development stage 

50% complete 

In development stage 

V 

25% complete , ^ 
In development stage 
A0% complete . . 



In development Stage 
50% complete ^ 



The fqrmat for the technical curriculum course should provide for an inte- 

* ■ * 
granted. loboratpry/lGQture course. Thoy should be written in terms of goal 

statements .anit^pcrXormance objectives. (Jrigure thregi represents the format -outline) 



Fieure 3 - COURSE FORMAT 



COURSE TITLE 



SECTION: 




V 



I. 
2, 
3, 
A. 



Modules (by title) 
/ 



T 



LKCTURE 



LABORATORY ACTIVITIES 



MODULE, if It 



Rftferences (by number, referred to 
bibllograpl\y) 





4' 



LESSON ^'l; 



,,LAB ACTIVITY, 
LESSON //I: 



?erfornuinco objectives for 
lesson //I 



— — ' — ^ 

Performance objectives 
for lab activity 



LESSON 02: 



LAB ACTIVITY, 
LESSON //2: 



Performance objectives for 
losson itl 



ERIC 



2C: 



Porforn\ance objectives 
for labl^ptlvlty 



\ ■ 



■ %• / ■ 

.~^*»<> course format §h6ct requires the course t/tle followed by a one or two 

■ » « 

par-agroph course, description which Includes the purposes of the course and the 
goals cxpocted to be m^t by that student upon completion of the qpurae. The 
■ deecrlptlori will iilso t^latli tha 'tjouts« belna. discussed to other courses in the 
curriculum and show course prerequisites, ■ The general 'information for the 
course will terminate with a numerical listing of the sections to be covered 
in the couj;;se. The course 'sections will then be expanded. 

Each course section will begin with the title, a general goal statement, 
and a numerical listing by title of tlie modules in that section. From this 
point the format divides into two parallel sections, one for lecture and a second 
for laboratory activities. The sections are provided by module in numevical 
order, beginning with the title of the first module. 

Following the titrle of the. module on the lecture half of the format sheet 
is a list of reference materials -keyed numerically to each mpdule. The reference's 
vlll be very specific referring to chapters and page numbers. This will serve as 
an aid not o^y to the instructor: of the course, but to the students as veil for 
.further s*tudy. Tjie ref§.^enccs will be followed by a statement of the overall per- 
formattVa objWtiv^s the student will be expected' to fulfll.rupon completion of 

* • 

the modules. 



Tim specific lessons of the module will J>ogln immediately after the statement 
of overall performance objectives. The lessons will be listed numerically and 
will be sequenced in the order best suited for the most effective transfer of 
information to the student. Each lesson will be listed by title, follox.ed by a " 
specific perform^ncje objective, o^ the sPAcifled level of achievement the student 
will? be expected to, master. By arranging -Hie format in eetms ,c^f performance , 
objectives^- the student will clearly understand the performance level expected. 
Also, evaluation procedures foir the student can be developed and implemented ' 
easily, Instruct^^rs can design their Instltutiona strategies more effectively. 



and instructors can better evaluate the adequacy of their instrucAonal ptograra, 

^he second half of the format eheot parallels the lecture half an^ is developed 
in tflnde©. First shown on tho laboratory side of the format sheet is a list of • • 
m^terl^ils and equipmont niseded to perform Vhe laboratory activities for that 
particular module: This ^1 be followed by references conveniently lifted 
numerically. The remainder of the J^aboratory activity column will folJow the 

eawe format as tho^lccture portion, >with laboratory activities keyed to the 

1 ^ • 

Icosona and performance objectivoa for the laboratory activity. This format ^ 

ahould onnblc the instructor to coordinate the lecture portion of the module 
with th'6 laboratory experiences with little difficulty. • 

Figure four illustrates the use of the course format for We section 
ol the course entitled "Energy Science'', y ' ^ - 



Figure -^1 

SAMPIe for CURRICULlM DEVELOPMENT FORMAT 



COURSE TITLE: 

SECTION: 

y> — 



^Encrsy Scion c e 



Thermal Science 



Upon completing this section the student wil] be able to 
temperature and carry out heat-transfer calculations. 



measure 



MODULES : 

1. 
2, 
3. 
4. 
5. 
6. 



Temperature 

Temperature •measurem'ent 
Heat capacity 

Heat 98 a form of energy , 

Heat transfer mechanisms 

Heat transfer properties of materials 



2^ 



V 



-^i 



^ ^lOnULE l i Temperature 




P^rfortt^a ncc Objectjlvcs for Module 1 : 
Upon copipleting this module tPfe student 
will be able to: 

a. Define temperature ^ - 

b. Convert from one temperature acale 
to anothor* 



LABOIUTOHY 



MePULE 1 ; Temperature 



NO LABORATORY 







LV.SSON 1: Meaning of Temperature 



a- Explain kinetic energy* 
h* Define tempera tjire In tet*ms of 

* kinetic energy, 
c* Relate the concepts of "hotter than" 
and "coldej: than" to kinetic energy. 



LESSON 2: Temperature Scales 

a. Describe the "Farenheit" temperature 

scale. • 
b- Describe the "Cesium" temperature 
' scale. 

c. Describe the absolute or "Kelvin" ^ 
tiomperature senile* \ 

d* Correctly convert temperature from 
one scal*e to -another. 



LESSON 1: Meaning of Temperature 
/ ^ 

X 

NO LABORATORY 



LESSON 2: Temperature S/.ales 



NO LABORATORY 



MODULE 2 : Tempera turG Measurement 



References by number 



jPerEormance Objectives f or Module 2 : 
Upon completion of this module^ the 
student will be able to: 

a, Ll^t thXi temperature measurement 
devlcoa that arc 4n common usage ♦ 

b. Select the most satisfactory 
temperature measuring device, for 
each situation. 

Demonstrate competence In the ixse 
of tempera turo tneasurlng devices • 



MODULE 2: Temperature Measurfiinent 

Materials and Equipment : 

a. Mercury-in-glass thermometer ^ 

b- Alcohol-in-glass thermometer Mt 

c* Bimetallic strip thei^ifioineter ^ 

,d. Thermistor and^ associatjed electrontcs 

e* Thermocouple and ass* elftctroulcsr 

f * Optical pyrometer 

g. Dry icoj freezer, hot plato,\ 

electric. furnace • ^ ^ 




J^. 



P4 



LECTURR 


--^ ■ 

LABORATORY 


J^SON 1; Exp^nnelon Thermomoters 

ft 

a. Dcso^ibo tho\peration of n thorttiomctcr 
that oporatcs on tho principle ^ 
tixpnnding fluids* 

Dcscrlbo the operation of a thormdmetoi? 
that operates on tho principle of 
a bimetallic strip, ^ 

r 


LESSON -1 1 Expansion Thermometers 

a, Moasure a x?ange of tempera turea 
suitable for the mercury-in^-glass' 
thonnometor* 

b. Measure a runge of temperatures 
suitable for tho alcohol^-in^-glass * 
thermometer^ 

c* Measure a range of temperatures 
suitable for the bimetallic strip 
thermometer, ( 


l^.ESSON 2: Thermistors 

Describe the operation of a thermometer 
tliat utilizes a thermistor as the sensing 
element* 


LESSON 2: Thermistors 

a* Set up and calibrate the thermistor 

thermometer, 
b. Measure a range of temperatures 

suitable fqr the thermistor 

thermometer. 

^ 


LESSON 3: Thermocouples ^ 

Describe the operation of a thermometer 
that utilizes a thermocouple as the 
, sensing element. 


LESSON 3: Thermocouples . 

a. Set up and calibrate a thermocouple 
thermometer. 

b. Measure a range of temperatures 
suitable for the thermocouple 
thermometer . 


LESSON^! : Optical Pyrometer 

Describe the operating principle of ^ 
the optical pyrometer. 


LESSON /j: Optical Pyrometer 

a*. Sot up and calibrate an optical 

pyrometer, 
b,. Measure a range of temperatures 

suitable for th^ optical pyrometer. 


LESS0N_5: Selection of Measuring Devices 

Match the various thermojneters to the 
' measurement situation to which each is 
most suited, \ ^ 


_ ^ _.. . __ 

LESSON 5: Sfil fiction of Measur\ng Devlte? 

r 

NO LAB ACTIVITY 


J- • 

... • 


* 

1 ■ 



SUido nt Cha r ncterlatlcg •* • * ' % 

' It is projected that a ©olar technician program will basically- attract 'three 

types of students. The first type of student ^ill solect-the prograin b«cau9« of 

' '« ■ 

the fooling that solar onorgy is glaniorous, having read about It in the ,ii"ew8pap1ir. 
and bolng Interested in something that sounds new, different, or e:jtlsting. 
Careful counseling of these students will required to identify those 

with a high interest but without the proper high school background or technical. - 
nptitud/:! to complete a technician level program. 

The second type- of- student , .ah'd. the one for whom this program is primarily 
designed, is the hiph school graduate who baa selected a two year, Job oriented 
educational program as being best in meeting his or her' personal goals* This 
Student should have ^glequate high school preparation and will 'probably be in tlie 

I 

upper haTf of his/her graduating class- This student will be attending college 
on a full basis and will be expected to' complete the tecbnician training- / 

program within a two year period, ,\ . 

The third type student is a person who ii5 currently employed and wishes to 
receive training in a new career field. This type of student will probably be 
older, may have family responsibilities, and wlll^lilcQly find it impossible to 




ompletfl^ all of the required classes during the regular day time clasps periods. 
This student may bring into the program a wide variety of skills, many of which 
will be applicable to the solar engineering technician curriculum* For this 

( . ■ 

Student, counseling Is especially important since an accurate assessment of needs 
and capabilities must b*e made. It is likely th^t students in this category 
will be able to receive credit for various courses through challenge examinations; 
certainly the support courses may be treated in this manner. It is unlikely 
that studonts who ar© attending on a part time basis, even with credit given 
for on-the-job training or work completed, will be able to complete the curriculum 
in a €W.o year period.- It is also probable that, colleges may .have to offer ' 
specinl arriingemorvts of the solar courses, specifically for part time students who 



tnu0C ntt<>nd ciussce in the evening or on weekends. 

teachor 'Quflltf teat ions ' , " . ■ ♦ 

Two typos of In^&tructorj^ are, iuyolvod with the impleti^entatlon of a solar 
englncorlng ti^chnician pro'aratn. One type will consist of x^egular collc%o faculty 
mombera wha arc teaching. in science or technology related areas and ^111 capablfe 
of teaching not, only sotno of the. support courses, but some pf the solar jelateil 
.ti> courses aa veil* Theae InstTuctors might include Phyis^lcs and Chemistry teachers.' 
vho could offer the ''energy science" couraej lawyera or economifeta v^^ho.c^^uld teach* 



5^ 



the *'legal aspects ^nd economic aspects", industrial arts teachers who could 
prcaent the "materials and material h^^ndllng" course^ and speci^flly trained conser\^ 
-tlonlsts who might teach "energy science" and "conservation and passive ^l(3aign" • 

The second type of Instructor is the one who would he hired specif ically, to 

** ■ . 

teach the technical solJar couraes* This person x^/ould be required to me^t general 

fjtate requirements for technical and vocationJfl iuatructors* These requirements 

usually include a bachelor degree with two to six ye^rs of related field experi-- ' 

encQ or teachJ^ng experience in the technical area. It may bo somewhat dlffi- 

cult to find persons with these qualifications to tbach in thd solar engineering ■ ^ 

curriculum project. At the Energy Technology .Training Conference, sponsored by 

the Energy Kescarch and IhjvGlopment Administration and the Association of American 

Conmvinity and Junior Colleges, in October, 1976, the problem of ' InstrucUgrs in 

solar curriculum was approached and the following statement was made: 

The Identification' of the instructor should be approached cautiously. 
i^''^^^_witnesaed by the college participants at the conference, b^ing quali- 
Uod to teach in an allied field la not enough. Potential Instructors 
mad initially to bo Intorested in solar energy, ax>d motivated suffi- • • 

-■■ ^ ^ Glently to pursue self-study and self-gsnorating octlvitieB t.^ becoiwe . • 
proficient in a boot^prap, educational effortsv . " ^ , 

Educational requlrera^nts for a solar energy instructor might read as follows; 

Bnccalauroate Dogroe and at least three (3) years oQcupatioixol; experience 
. In 'industrLnl or domes tia air conditioning trades. Experience should lncluc|(a/ * 
. . ..tnstallatlon-j maiutononco and design of "air conditioning systems. In 
. addition, candidate $bould tiave a mirtimnm of ofta y'^ar eolar related experienca ' 
. , to incl.udo design and installaUon of functioning sQlai" Byst^ms. Exceptional 

tpXky. dxporlencQ will be considered in lieu of the iiir conditioning require- " ;": 
i!i*nt9v . He/she iitust b^" qualified to, j^acb eolajfr 4n^r,gy rela^e^J courses at \ ' . 



both tT\e practical and theoretical leyor ipu-A one yea\* certificate program^ 
or a two year degree progrnnu * ' . ' 

Such organisjations as tha League for Itinovation lin th'Q ^opuuunity College . • 

recognise sj:hat ^hero is ^ lack of trained coron\unity college facnjty ttierab^rs to ; 

teach the techniques and skills, required of percfoxmotl In the ^olar eniarg;;^ industry 

Therefpto/ the .League is proposing a "concent^:ateH national^ effort to prc^yl^e 

community coHcge faculty members vith the knowledge: and skill^'^ ri^qulred to ' - 

train or retrain individuals in the installation af S9lar ener^gy syateips". This 

.will aid in establishing a train(?d cadre of resource personnel on the community 

colLegG level vho can be used as Instructors %r\ solar energy* program^i. 



0 



JrX8 tr ue tor Course Load ■ - 

As the semester course load is schedj^qd fot tl^e d^nstructor, an attempt may 
be made to arrange the courses in Si^.h a manner that {ir^inijgle instructor, hire3. 
to toaoh in the solar technician program, will have -a complete and>balanoGd load 
^ach semester. Many schools cannot affdrd to employ B separate iristructor wr 
would only have a. part time teaching load in the solar program. Course l^oad 
balancing' might permit more Institutldns to Initiate the curriculum. Accordingly, 
in coses where, other influencing factors, are not significant, "'courses have 

M- -'^ • " . ■ /■ 

be^n seqwenced to provide a balanced instructor course load for both semesters, 
as incjlcat^d in Figut'e five. t ^ 

<^ ■ / ' * • ' . ^ ' ' Figur'e 5 " . 

• ' INSTRUCTOR COURSE LOAD C ' 



Semester One 





•COURSES 
$ft«i:gy Scietvpe 

tiopret-rva t ioTi > Pa 8S ive Sy s t ems 
. Muterlola Material Handling 
SiainJ Sosign ^.Retrofit 





" ^ CREPIT 


LEVEL 








F 


2 


"r • 


. .3 


s 


4 ' 


S " 


3 


t 


'16 



V* 



^ CONTACT * 
HOURS 
(Lecture-Lab Hours) 
6 (3-3) ' 

2 ■ , . :■ 

;5 '(1-4) ' ■ 

(> '(3-3) ' . 
^' 3 *. 



GOURSES • 

I 

Collators" & Energy Stdirage 
•• Operational Diafenosia 

Non^reeidoncial Applications h 
Future Tedmology 
• Solar Practlcutrt 











"HOURS 


HOURS 






(li«ctur(i~Lab Hours) 


F 




6 (3-3) 








S 


3 


5 (2-3) 


S 


••. ' 3 


S (2-3) 


^ s 


\- 5 , . ^ 






X4 ;f- prac. 


. 22 + pra6. 



S ~ Sophomoro ^ ' , ' ♦ 

it must bft recogi;\ix^c| thd^t some sohoola will employ a part tim^ instructor 
, to tfeach the^solor related coitrs^s and will utilllze either epecial sections or 
«candar,d sections of regular courSQs X.% eatis£y some b£ the curriculum require- 

ments. This must be taken into consideration in examining the instructor's 

■ * . ' s. . • ^ 

course load. If, for Instance, a school were to replace the energy science course 

with, a standard fchemistry or physics course and to haVe instructors in the welding, 

\ , ■ 

sheet 2'^t«l»' «nd machine s"h6p areas teaclv the materials and matoriala handling 

•course, an instructor cc^ld he employed half-time to teach the solar related 

courses during semes-tor ot^«, During semester two. if tha energy science .again 

were replaced with a chemistry or physic^ couree, ^nd the solar practicum were 

. delayed until summer, a half-time instructor would agai^ be able to teach the 
solar related course. While this is not a r^comraended method of Introducing 

^the curriculum ir^to a college program, this arrangement of course sequencihg 
loay ag'ain serve to permit more schools to being teaching the solar engineering 
technician curriculum, ... 



/ 



N^t^onaJl ""A dvlaory Copin)jLttee 

A HatlonaX Advlsoty C^iniittee.vas assembled 6arly in Phase I to provide 
BUidanc^ fot'th^ ptojpct and project personnel. This coTmnlttGe desist^ >n 
genorating tho philosophy of the curriculum development phases provided Input 

" ~ i * * ' --16,' ' 

topics , 10 be atvetnf, mi is .lielplng with the 



TUq Nat^loual Advlaory Committee was aaXocted to IncludG people with re-- 

cojinlx^Gd crcdontlols In cither solar technology or curriculum deVolopmcnt and u 

<^ . 

choired by Dr* Phil DiLavore, Vicci President for Ao^domlc Affairs, Indiana Stat 

i' ^ ^ 

Unlvex'^ity Terra Haute* Dr' DiLavore is a physicist with wide experience 

in scientific curriculum development, having^ served as project coordinator. 

for the "Physic^x of Technology** program. The othi^r menibers of the committee 

arc 08 follows: ' ' ' ' 

Mr. Potcr Fry, Dltector of Marketing Services, Northrup, Inc., Hutchlne, 
Texnsj was associated with the Chrysler Corporation fox; many yeai^s and \^as 
TcapouKiblc for producing oclucationaX materials for training dfealers and • 
dlstrib'utoTi^ to work on HVAC equipment. He is now associated with one of 
the csi-.Qblished manufacturers of solar collectors. = ^ v?5._ 

Dr. David Go\>cnda, Professar of Physics and Education at the University 
of Texas at Austin, is a'physiciet who has long been associated with scien- 
tific curriculum develojviicnt . He served a6 chairman of the National Steering 
Committee for the "Physics of Technology" program. 

Mr. Tom Hindes, Director of the Instructional Materials Laboratory at • 
Ohio State University, has extensive experience in the organization and develop- 
ment of curricula of all types. v* 

Dr. Milt Larson, Professor of Vocational Education at Colorado State 
University, is the author of^ several books relating to the development of 
technical curricula. lie served as thp. curriculum advisor and evaluator for 
the Solar EnginoerHig Applications Laboratory at CSU during the development 
of a course On s^lar deslgA and Installation, ' ' 



Mr. Clcn Meredith U fresldent of Ham-M^r^ an Engineering Consulting firm * 
iocated In Austin, T«xas specialising in indu&trial «ftd instltuUonal <^nergy 
conservation, HJbe firm has boon involv(id in a nuniber of obiar installations 
and has tlesigned the HUD .demonsitration project ftt Navarro College. * • 

Dr, Reggie Vachon Is s Professor of Edginaaring at Auburn University' and. 
la %ctuaHy involved in,the design and construction of. large scalo solar projects 
thtoughout the United States. , ^ ' " *' ' ' 

Dr. Gary Vliet is a Professor of Mechanical Engineering at the University of 

'. ■ ■ 

Toxas at Austin and is quite active in the field of solar engineering. He is on 

Che Board of the Texas Solar Energy Society (TX-SES) and is fa member of the 

. Toxas Governor's panel on energy,' . ^ <■ 



' Tjo date, two roeetlngs of th6 National Advisory Goiumittee have been held, 

- one on October 3, 1977 and a second- on July 6, 1978? The first meeting was con- 

ducted at the Project Center for the purpose of establishing the functionl^ and 

duties of the Comn)ittee, obtaining initial guidance from the Committee and 

planning details of the Project, The second meetin^^ held at the Airport 

Marina Hotel (Dallas, Texas) for the purposes of (1) Soliciting input froin the 

CoiTunittQo ccrpcGrning the Phase 11 Project" Prpposal, (2) Planning the rolo and 

* function of the Committee for Phase XI and (3) Presenting sol^r courses pre- 
■ i ■ * 

pared to date for review And later comment. 

There are two distinct types of duties developed by the Committee* The-^ 

first Involved the Cotrnnittee acting as a whole iu- making decisions that affect 

the overall proj6ct<and the second involved the Committee members acting as 

indlvldu^tlg to help the Projact Director in mattiers relating to'^thefr individual 

exportise. The Committee as a whole ei^tabllshod the stjven duties as follows. 



1. To assist in completing • t;he" curriculum plan, adlecMng the- couress 
for which written «mterial& ehoulti ba developed,, md providing input 
rogflrdlng the topicfe to be covered in each course. 
"2. To osslst in davoloplng an overall datailed tims'tftblfe for the projoct., ' 

* * 

3. To approve an overaH format for written roat©r,ial8, 
4* * To monitor the progross of tha project and assist ths Director in 
. maintaining the Bchadulo to insure tl^at project goals are luet. , 
To assist in resolving sorioue conflicts of two typos; 

Betwe^n^the Director and tho National Science Foundation 
(questions of ovorall policy or procadure) . 
• b. Between the Director and tho Campys Coordinators (questions 
of fommt, style/ policy J etc.) . ' 

■ 6. To assist in the evaluation of th^ project* 
7, To provide input for periodic reports to the National Science foundation. 
A single duty was established fO^ Coronvlttee Merabors acting on an individual, basis 
as advl'sors to the Dlrector'V^ 'the Project: i i 

8^. The Committee; MembHi:^ x^lll, on an individual basis,, give" g6i\er a 1 

ftssi&tance In the preparation of course materials . ^(This will consist 
primarily of reading and reacting to writtW materials-) 
, Also, the dutdes of the Committoo Chairman vere clearly establlsh^id as follows 
j(l) chair meetings of National Advisory Committee^ (2) qomraunicate with 
Committees MomUers regarding Committee buslneslr, (3) serve as liaison between 
th^ Project Director and the Committee, (4) aid the Project Mrect-or In 
communlGatlbn with, the National Science Foundation regarding Committee business^. . 
(5) advlAe on all phases of the Project, The general position of the Committee '^ 
in relation to the Project can bo summarized by gtating> *'tho Committee advises 
^as a group and works as individuals"* In this capacity -numerous cotirnioni^s were 
providod as described bolows ■' : ^ 



Th'^ *'t(echnleian"> ftfe'-WtabXlshad |>y thb ^lanpowair Analysis conducted 
at Rnvarto Tl'ollftge, is an Int^rmodiata Isvsl worker vlth more training • 
than an ^netaller or "mechanic" but' lesa than th© engineering studfent. 
Th«i curriculum ;§liould be bi»s<§d on a detailed task pnis/I^is, and courso 
contont should be dotorminad by knowledge and skills n««std@d to pQrforai 
Vha required tasksi, ;in additlon» tho rerquired content of ^ome support 
courses should be dateirroined by the background nocaseary for parfon»\- 
anca ot the solar tasks. ^ 

The philtjsophy o^ curricbluin^design wag dlgcussed and is reflected under 
"rhllosophy of Phase I" on page 7 of this proposal, . . 
Laboratories and lectures should be listed separately: It is' easier 
to ensure that ^the reqxiired hours are devoted to laboraEory V?ork as 
well as the lecture time, if lab . and lecture are listed eeparately. 
llox^evcr, if two different people are teaching, one teaching, the lecture, 
and the oth(^r teaching the lab, there rnay be some problems w.ith coordinate 
ing the materials. The lab should be 'designed separately but material 
should be inc'luded in ^he teachers guide show the method in which 

the lab and lecture could be combined into hi\ integrated course, 

i ■ ^ . 

An important first course is one addressing the fundamental physics 

of solar energy* This course, while not a laboratory ■ course as such, 

should immediately introduce hands-on experience. This could be 

accomplished with*©impl(a experiments and demonstrations. This course 

should include items 6uoh as radiation, absorption and reflection, 

heat transfer, fluid mechanics, and a number of other theoretical 

topics, all of them slanted toward the solar energy fi^^d and with 

each concept illustrated by hand's-on exparience. 



Slncj moat .pooplo think qf solar systems primarily In tarms of collectors, 

th<$ collectors course could be placed In the first ©emestcr. 

Tho mAtotlkla an^ fabrications course should be a first semester course, 

Thla courae should include manual skills such as sheet me\al work, 

♦ 

6o!J^erln,g and weldings as veil aa the knowledge of materials xised In 
solar systems including compatibility qf ijiaterialSi corrosion and other^ 
topics of this nature* A possible goal for this course could be forr-- — 
the student: to use the vskdlls learned to build a collector/ 
The course ''Technical Survey of Energy Sources" should be placed late 
in the curriculum, possibly the last semester, after the student is - . 
thoroughly versed in solar energy, l^ls placement will also help 
mlntain the student's interest level. In this, way, tha relationship 

of solar energy to other- poto/itial and available energy sources wl0.1 , 

- . 

be appreciated. 

Included in the curriculum should be an emphasis on conservation and 

the deaign and development of passive solar systems. The student 

should recognize the ncSc'essi t)j:^ for conservation and the importance of 

' <^ . ' • - • 

overall house design In minimlEing the sixo or expense of 'a solar 
c . 

ays tern. • ^ " . 

Th^ solar industry should be approached and a request made foV the 

donation of equipment ^for model laboratory courses. 

Faculty requirements for the program should be considered in develop- 
Ing the overall cyrriculum* In tho curriculum guide, required faculty 
con^pctencies should ha listed, the required faculty loads should be 
«ddt<issed and mQth.ods by which the faculty might be hired efficiently 

shoulfd be discussed, 

i • • • . ■ 

The courses should ha niodulariged^ with all cotirsos following the" saino 

i , i ■ 

format. Modu;ies should b^gin with device and work into theory. 



During November and f>oo«mber. 1977^ the Director utilised Individual Cora\\iittoo* 
Ms^mbor© And th«ir «xp«rtiso in ep^^eifio araas, Tom Hindoo helped dov^dop a 
suggested fortmut f'Ot tba couraos^ Milt Larson provided valuable inforniation 

s 

noodi^d for dotarminlng the .content of courses that did not flow directly from 
th^ task analysis^ Sevoral conversations woro hold with Phil DiLavoro ooncern-- 
Ing the overall orgabizotion of tha project:,. On Dacc^mber 7, 1977, .materials deve^ 
lopod at that point wer,e sent to the' entire Committoo for comment and included 
tho following: (1) curriculum philosophy and educational level, (2) project 
timetable, (3) course list and specific courses, (A) Separate laboratory 
and lecture qv integrated laboratory-lecture, (5) two aemoater Energy Science 
courses containing basic th<^ory> (6) Materials Science couree, and (7) forttiat 
and aample formaj:* ^ ' ^ 

Based on cgmments received from the committee, the followinR decisions 
were made: (1) the curriculum philoeophy and educational level were established 

V - 1 

as, contained in' the sections of this document entitled "-l^hilosophy" and' "Student 
Characteristics",, (2) the project timetable was established, (3) the course list 
and titles were approved with the understanding th^it modlf Icatlons would be made aa 
work progressed, «i) an Integrated laboratory-lecture format was established, 

fW .... 

(5) a two. ficmostGr Energy Science course was agreed upon to contain basic infer- 
wation from chemistry, physicey geology, fluid mechanics, etc., (6/ th^ Materials 
Science course was agtaed upon, and . (7) ^Uie- sainple format was prepared subject to 
modificatlona .as work progressed, 

Ftom January 1, 1978 through March 31, 1978, . conversationB w^re held with 
several Committee Members^ regarding various aspects, of the curriculum. Coursas 
were combined and mod lfle<! based on prel'iminary task analysis completGd by the 
Campus Cqordluators. Course titles were clanged to reflect; the modifications. 
The format was modified slightly and the coursea. w.ere sequenced, In addition to 
input from the Commit te<3:, valuable jBuggostions were received during porsonal 



(ionvdraationa with" Sa§uD\u Karj»kl, Director of tho Solar Enor^ Applications 
Laboratory «t Colorado St«t« University j Chuck parkusj Professor of Engineering, 
find' Donald Eillman, Assiaeanr Profe'ssqr of Law at Arizona*.^ tat University; 
and Herb Wado, Associate Director of the Arizona Solar Energy Cownuisslon. • 

.At th^ ftnd of March J materials ver« cent 'to tha Advisory Coinmlttae detailing 
tho latest thinking on various asjieccs of the projoct. Writtmi responses 
rocoivad and conversations with several conunittoo members produced valuable 
sugcQstions and overall approval. ^ ' • . 

As stated previously, the Coramitteo hBtl™t-ts second raWting on July 6k 1978, 
The minutes of that mooting r^eflect-'^a high level of Interest by Committee Members' 
concerning the progress of Phase I and the proposal for P^iaee II. Important 
inpMt xvas provided in preparation for the final writing of the Phase II proposal. 
Also, much of the meeting discussions relate directly to Phase II plapning .arid 
will be addressed in the next section of thi^ proposal. 

Of major importance concerning- Phase I in the second meeting wife the 
Commlttee-'a definition of "instructional materials" and the direction provided 
relative to tho expectations at the conclusion of Phase I. For- the purpose of 
Phase I, it was dtitem\ined that the development of instructional aids such as 
audio viijuals, information sheets, illustrations for classroom presentations 
or other types of teaching or student aids was^^not within the. scope of Phase I. 
Rather, "instructional materials" is defined as the course 8ui<3es that instructors 
will need to pilot test the first year, curriculum. 



^ The second^meoting ended with committer members looking forward to the' 
- ■ / 

next mooting in which coui^se guides will be examined in detail, 

liJE^^}ill„lM-Be!n^"^lnder of Phase J[ • . . ' 

• The ectivitics already completed in Phase 1 have been described earlier 
in this seistion. The remaihlTig activities fcir -Phase 1 will now be outlined. 



July 1» 1978 - Auauat 31 » 1978 

The firat drafta of the dotjalled couree guides ai-e being completed In the 
propor fannat by tlii^ Project Director, Campus Coordinators > release tima faculty 
memborSj and external consultants* . 

Course guides are being edited by the Project Director and returned to the 

Campus Coordinators for revision^ where necessary* PrototjT^e laboratory equip-^ 

niont is being designed, and plans, are being tpade to purchase or construct equip- 

fnent aample^f vhere possible. Detailed bibliographies and lists of recommended 

audib'-vi^ual materials arc bfeing keyed to solar courses. 

♦ . 

As course outlines are revised and completed in "finished draft form>. they 

<» ^ , • 

are being distributed to National Advisory Committee members^ the National 

Sclcnco Foui>dation» and Campus Coordiiiators for review and comment. ^Aftor this 

first rcvl(^ the Project Director v;ilj coordinate revisions for reproduction 

of the final drafts 

September 1, 1978 - Deccmb.er 31, 1978 ' . . 

At the beginning of this stage t]ie course development will ,have been 
essentially completed.' The course guides will have been written in the 
proper format, tHe detailed bibliographies x^ll have been prepared* and llstfj v 
of iroconiroended audio-visual materials will have been completed. ^ The solar 
laboratory' equipment needed to teach courses will also have been identified. 

Beginning in S(*(ptembor most now laboratory experiments to be performed 
In solar coursesi will have boon Identified, Once identified, these new 
oxp,erlments should be tested by Instructors and students. As the budget 
nllowBj equipment for testing the experiments will be purchased, oxperiment 
procodute sheets J^/opared,- and experiments performed. This Is especially 
important for first yaar curriculum courses. 

Also, during this time period course guides must be reviewed ^nd- revised 
in fijial form. This process wll^roqulte the Director, tb/lf^^ional Advisory 



Committee, the National Science Fo<in<Iation and Catnpus Coordinators to meet and 
rovlcw all coursed which have boen developQd. In most instances technical 
consultants will, be asked to reviftV tho oourse outlinos* Upon completion of the 



1 



review process, the r^^vlaed couraft guldcis will coll<icced by the Project 

DiTrector for final editing." ^ 

^ .By December 3ft > 1978, the complete curriculum packagb in^uding Ch^ currl- 

« 

culum dcsigOj detailed solar coux*se guides, support course descriptions, 
laboratory specifications, equipment lis^j^s for solar courses, refercncQS, teacher 
qualifications and staffing patterns, audio visual aid llj^ts and other related 
Informati^ will, be organized and detailed. " ^ ^ . 

December 31, 1978 - 'February .28, 1979 / 

The end of Dccettiber 1978, marks th^ completion of the 1/3 time contractual 
obligations for the Campus Coordinators during Phase I. At this time,*''the 
curriculum package yill be complete and ready for fina], editing and printing- 
Final editing will be carried out durl^lg the first, two months of 1979 by the 
Project D.irector> with the Campus Coordinators interacting as needed on a 
consultant basis. A final report on Phase I will be submitted to the National 

.-if.- u 

Sciencb Foundation, 

In concluding this progress report section of the proposal, it can be. 
stated that the Project is progressing as evid*enced by the accomplishments 
vhich have been described. 

Only two vcaknesscs have been defined, but these are bej:.ng corrected. 
Tho first v^cakness relates to the comiTion problem of communication betx^en 
and among tho participating institutions and the National Advisory 'Committee^ 
CoursQ developments can hi completed much more rapidly through better communi- 
cations. The second weakness relates to the feeling by personnel at the ' 
Project Center and National Advisory Committee membera that the Committee 
-has not been utilized adequately. This problem is being corrected through an 



Jncroasft in th« number of Advisory Cotnmitt^a meetings hold throughout ;th« 
remainder of Phase I and during Phase II* 



/ 
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